
GAGING SYSTEM AND METHOD BACKGROUND OF THE INVENTION
2114746 The present Invention relates generally to gaging systems, and more
particularly concerns a system and method for accurately measuring and
recording dimen 5    sions of work members, as for example tubular members
In- cluding, but not limited, to lengths, diameters, radii. and angular
dimensions. There is a continuing need for/system and method td. accurately
measure the dimensions of work parts 10   such as thread flank angularity,
flank axial positioning along thread. length, thread crest and root
diameters, conical shoulders, and flange dimensions.  The mainten- *
ance of dimensional accuracy Is particularly important In respect of a new
thread known as the Blose thread, and 15   which is.the subject of U.S.
Patent 3,989,284.  While thread gages are known, none of which we are aware
in- corporate the unusually advantageous structural combina- tions, modes
of operation and results now afforded by the present invention 20
SUMMARY OF THE INVENTION It Is a major object of the invention to pro- vide
a gaging system and method meeting the above need and *       overcoming
the disadvantages of prior gaging apparatus. Basically, and as will be
seen, the invention is embodied 25    In a system that comprises a) first
means having a gaging tip engageable with work surfaces, b) means carrying
sald.first means, for longitudinal, lateral and rotatable displacements of
said 30    tip, and c)  means to sense said longitudinal, lateral, and
rotatable displacements of said tip for eadout purposes. As will be seen, a
computer is connectible with 35    the sensing means to establish at least
one, and prefer- ably multiple base positions from which one or multiple.
sensed displacements are measured. More specifically, a single or multiple
contact tip or probe Is mechanically as well as electronically  



-2- operable through a micro-processor, mini-computer, or other computing
device which converts electrical signals to relative dimensional
measurement.  The system Is such that a zero-position from which all
longitudinal measure- ments are taken is related to a fixed base plate, or
point on the gage Itself,. or the zero-position can be related to a
non-fixed position which Is established by a predetermined position of the
probe or probes.  This position Is then Identified by signaling the
computer by 10  electrical Impulse so that all dimension measurements will
be identified by this arbitrary position as the zero- position.  For
example, one can touch the probe to a shoulder, after the gage Is clamped
into or onto the end of a pipe, then signal the computer that from this
arbi- .15  trarily chosen contact point at the' shoulder one will de- tect
and Identify movements of the probe or probes. The same basis for
establishing probe movements will apply for axial, radial, or
circumferential movements of the probe or probes. Also, the probe may be
con- 20   structed so that with pressure (by hand or automated) applied to
the probes the contact point location will not be transmitted to the
computer until pre-determined pressure is applied.  Accordingly, contact
pressure of the probe will not affect changes In the measurement 25
recorded, which removes the human element from affecting measurement
recordation. It is contemplated that the system have capa- bilities of
establishing the zero-position for taking measurements at will rather than
a fixed base or position 30  on the mechanism Itself from.which all
measurements are taken.  Further, the measurement signals to-be generated
by the pobe are enable by the use of encoders or  potentiometers, or
differential transfomers or electrical strain gages. The strain-gage
principle would be preferred for applica- 35  tions where extremely small
incremental measurements are required.  Other devices which may have a
uniformly varying resistance with strain may be used.  This allows small
variations In voltage or current In a uniformly 



varying manner rather than "step" variations..  Another    -3- system that
may be applicable would be the use of an in- ductive system In which eddy
current Interference varia- tions are employed. The Intent is to establish
a basis for a uniformly  varying electrical signal so that very 5    small
changes in signal can be amplified and Identified with respect to extremely
small measurement variations. Encoders  are suitably accurate for linear
measurements within tenths of thousandths and are satisfactory for most
dimensions linear or angular as appiled to tubular 10   products. A further
object is to provide means to measure the annular curvature of surfaces
such as pipe bores or outer cylindrical surfaces, and to display diameters
or radial measurements associated with such curved surfaces. 15   Such
diameters may be derived for curvatures at different points about a pipe
axis, and averaged by computer, to display an average pipe diameter. These
and other objects and advantages of the Invention, as well as the details
of an illustrative em- 20    bodiment, will be more fully understood from
the following description and drawings In which: Fig. I Is a block diagram;
Fig. 2 Is a schematic view of apparatus 25    Incorporating the Invention;
Fig. 3 Is a block diagram; Fig. 4 Is a view showing apparatus for curvature
or diameter determination; Figs. 5a --- 5c are circuit diagrams; 30
Fig. 6 is a block diagram; Fig. 7 Is a diagram showing one method of
determination of angular error or gage clamp-up to a pipe; Fig. 8 is a
diagram showing the effect of angular error of gage clamp-up, during
measurement; 35              Fig. 9 is an enlarged view showing reception
of a gaging part between thread flanks; Fig. 10 Is a modified pipe thread
section; and 



Fig. 11 is a schematic showing of a means to transmit a signal after
pressure is applied to gaging tip.    -4- Generally, speaking, the   gaging
system of the in- vention contemplates the provision of first means having
a gaging tip engageable with a work surface, means carrying the first means
for longitudinal, lateral and rotatable 5    displacements of the tip, and
means to sense such tip dis- placements, for readout purposes.  Merely as
illustra- tive, a first means having a gaging tip Is showing In Fig. 2 as
including a stem 10 supporting by means such as a slide or linear bearing
unit 12 for longitudinal 10   displacement of the tip, and a slide or
linear bearing 13 for lateral displacement of the tip.  Slide 13 may be
carried by slide 12, as shown, and silde 12 may move In an axial direction
indicated by arrows 14 wherea s slide 13 may move In a radial direction
Indicated by arrows  5. 15    Such directions are typically related to the
axial and radial dimensions of bodies such as pipes, tubes  screw threads,
flanges and the like, whose dimensions are to be gaged or measured. -The
slides may be moved manually or by actuators.  Merely as illustrative, tip
II is 20    shown engaging bore 16 and is movable into engagement with
shoulder 17, which may be annular-and conical, or may be a thread flank.
The described means carrying the first means also Includes a rotor 18
enabling rotatable displacement 25    of the tip II.  Thus,. for example,
rotor Is supported for  rotation relative to fixed structure 19 as via ball
bearings 20 therebetween; and the rotor carries longitudinal ways 21 for
slide 12.  Suitable linear bearings 22 may be provided between slide 12 and
ways 30   21.  Rotor 18 is rotatable (manually or by actuator) about an
axis 23 parallel to the longitudinal direction 14, for example.  Clamp
means to clamp the fixed support  structure 19 to a pipe or other body to
be gaged Is schematically shown at 24. 35              Also provided are
means to sense the de- 



scribed longitudinal (for example axial), lateral (for example radial), and
rotatable. (for example about the longitudinal axis) displacements of the
tip., for readout purposes.  Such means are shown at 26, 27    -5- and 28,
respectively, In Fig. 2, and may take the form of various devices which
preferably have electrical outputs proportional to displacements of the tip
11.  Element 26a of device 26 moves In direction 15 with slide 13, while 5
element 26b Is attached to slide 12; element 27a of de- vice 27 moves In
direction 14 with slid, 12, while element 27b is fixed to guideways 21; and
rotary element 28a of device 28 rotates about axis23 with rotor 18; whIle
ele- ment 28b is fixed to support 19.  See for example, the 10
potentiometer 30 In Fig. 5a having a resistance element 30a and a wiper arm
element 3Ob, current being supplied to the resistance at 33.  The voltage
output at 34 depends on the position of the wiper arm element relative to
the resistance.  See also, for example, the encoder 35 In 15   Fig. 5b with
movable element 35a and fixed element 35b with digitized output at 36.  One
such known digital length gage or encoder is Identified as METRO 1010.
Finally, note the variable differential transformer 37 shown in Fig. 5c,
with movable core element 37a dis- 20   placeable (linearly or rotatably)
In the fields of transformer coil elements.  The latter Include coil 37b
connected to oscillator 38 providing carrier frequency. Voltage Is thereby
Induced In two secondary coils 37c and 37d connected In series opposition,
so that the two 25   voltages In the secondary current are opposite in
phase, the net output of the transformer being the difference of these
voltages.  Accordingly, movement of the core pro- duces an output which. Is
suitably conditioned at 40 and 41 to produce a linear output displayed at
42.  One 30   example of a rotary variable differential transformer 5
Is Model R3OA, a product of   Schaevitz  Engineering, Pennsauken, New
Jersey.  Referring again to Fig. 2 the output terminals of the sensors are
indicated at 



26c, 27c and 28c. 35               Fig. I shows, In block diagram form, the
provision of a computer 44 connected with the sensing means 26, 27 and 28
via terminals 26c, 27c and 28c, for establishing at least one (and
preferably several) base positions from which the sensed displacement, or
dis-    -6- placements, of the tip 11 are measured, and then displayed at
displays 26d, 27d and 28d (corresponding to sensors 26, 27 and 28).  Only
one display may be provided, If desired, to selectively display the outputs
of the sensors.  The 5 computer Is characterized as enabling selective
establish- ment of "zero" base positions from which the sensed
displacements are measured.  For this purpose, three push- buttons 26, 27e
and 26d may be: located In association with the computer, to enable
operator selected "zeroing" 10 of the various readouts at 26d, 27cd, and
28d. One example of such a computer Is shown In Fig. 6, connected with
terminal 34 of an output sensor of the type shown In Fig. 5a.  That sensor
might correspond to sensor 27 in Fig. 2, measuring displacement 15  In the
axial or longitudinal direction 14.  The zeroing push button 27e In Fig. I
then corresponds to switch 50 In Fig. 6 adapted to be momentarily closed
when the push- button Is selectively pushed at the chosen zero or base
position of that tip 11 In the direction 14.  This 20 connects a sample and
hold circuit 52 with,the output of the sensor at terminal 34.  The latter
output, and also the output (at 55) of the sample and hold circuit are fed
to subtraction circuit 56, then output of which Is fed at 57 to display
27d.  Accordingly, the display reads 25  "zero" at the chosen position of
the tip, and subsequent movements of the tip In the longitudinal direction
14 are measured and displayed linearly from that base position. The same
may be accomplished for displays 26 and 28, via push buttons 26e and 28e.
The others types of circuitry 30  may be substituted for that shown In Fig.
6 (as for. example voltage-to-frequency  conversion and up/down 



counters, etc.). The Invention also contemplates the provision of
circuitry, such as computer circuitry, to compensate 35  for variations In
the base position which result from tip displacements which In turn vary as
a result of mis- alignment errors In locating the gage relative to the
work.  Reference Is made In this regard to Figs. 7 and 8, Fig. 7 showing a
support 19a (corresponding to support    -7- 19 In Fig. 2) clamped at 60
and 61 to a pipe 62, with the support 19a axially misaligned by an angular
amount [err] rel- ative to the pipe axis 63.  Such misalignment may occur
as a result of lack of true "squareness" of the pipe end 5   64 engaged by
the support 19a, as Is shown In exaggerat- ed form In Fig. 7. (Note the
axially offset relationship of pipe end portions 64a and 64b.) If the Fig.
2 support 19 datum surface 19b were similarly clamped to pipe end 64, the
gage tip 11 would travel along axis 23a in Fig. 7 10   (corresponding to
axis 23 in Fig. 2) instead of in the direction of pipe axis 63, and a
chosen bass point for the gage tip 11 would then vary along axis 63 (i.e.
lengthwise of the pipe) as a result of displacement of the tip along axis
23a. 15               The computer 44 compensates for such varia- tions In
base point location by conditioning or modifying the value fed to the
display 27d In Fig. 6. The corrected or modified value of base point along
the axis 63 Is, for example, derived from multiplier 20   70 in Fig. 6 to
which inputs C-cos [err]) and y are fed. Each value A Is shown as
subtracted (or added)at 71 from the zero base output 57 of subtractor 56
referred to above.  Thus, In Fig. 8, If the slide 12 has moved a distance y
along angled axis 23a and a zero base position 25   Is established at 100,
It' must be corrected by an amount A to correspond to distance moved along
true axis 63, A being equal to y (I - cos [err]).  The output device 71 Is
then fed to display 27d.  The display may again be zeroed" by means 101.
Multiplier 71 receives the values 



30   "y" and (l - cos [err]) to be multiplied to produce A. Note switches
102 and 103 operable to switch In the correction means 71, when desired.
The value [err] may be suitably derived, as for example optically In Fig.
7, with beam 76 from a source 35   76a reflected at surface 77 on base 19a
toward a scale 78. The value cos[err] may be derived in a function gen-
erator 79 in Fig. 6. The value "y" Is generated at the output of the sensor
27.  (Note In Fig. 8 that as the tip Is rotated about misaligned axis 23a
while In contact    With surface 80 normal to true axis 63, the output of
sensor 27 changes, showing variations In base position as a function of
rotation of the tip).  In similar manner, the base points may be corrected
for rotation of 5   the tip 11 about axis 23a. The invention also
contemplates the pro- vision of means to engage a curved surface for estab-
lishing a dimension associated with a circle, as for example a diameter D,
or radius R. Referring to Fig. 4, 10  such means typically defines two
reference probes 90 and 91 proJecting In generally the same direction, as
from a support 92 to which those probes are fixed.  The ends of the probes
are shown as engaging curved surface 93 at 90a and 91a.  The movable gaging
tip III in this Instance .15  Is carried by the support for movement
relative to the curved surface.  A spring 94 urges the gaging tip III into
engagement with the surface at IIIa.  Merely for purpose of illustration,
the spring Is located between the support and a flange 95 on the movable
tip stem 110.  A sensor 20   126 (corresponding to sensor 26) senses the
position of the movable tip and produces output at 127.  Since the position
of the ends of   fixed probes 90 and 91 are predetermined, the position of
tip III relative to those probes is a measurement of curvature of the
surface 93, 25   and correspondingly is a measurement of diameter D of such
a curved surface which may be displayed at 26d in Fig. I.  Typically, the
surface engaging ends of the probes and tip are In substantially the same
plane, 



normal to axis 23 in Fig. 2.  Support-92, probes 90 30   and 91,  and
gaging tip III  may be carried by slide 13 In Fig. 2.  A portion of that
slide is also indicated In Fig. 4. In use, the Fig. 4 apparatus may be
rotated about the axis, and curvature measurements taken to 35   establish
diameter measurements D  and D  associated with a pipe curved bore, for
example at 90 Intervals about axis 23;  0  and D2 may then be averaged by
the computer 44 and displayed.  See Fig. 3 in this regard, showing D  and
D2 adding circuit 120, and divide-by-2 circuit 121,    -9- to derive Dave
Fig. 9 shows a gaging tip 211  (correspon- ing to tip II in Fig. 2) carried
for axial, and radial movement In the space 200 between successive screw
thread 5    flights, to be engageable with axially opposite thread flanks
201 and 202, with thread root 203 and thread crest 204. Tip 211 is carried
by a stem 210 (corresponding to stem 10 In Fig. 2). The screw thread may be
formed on a pipe or tube, for example. The tip 211 is also 10   rotatable
about the axis of such a pipe.  Fig. 10 shows a pipe box end 213 having a
two-step thread indicated at 220 and 221. Pin locating shoulders are shown
at 222 and 224. Such shoulders and the threads may be accurately gaged by
the system of the present invention. 15                 Finally, referring
to Fig. 11, It shows, schematically, the provision of one form of means to
transmit a sensing signal from a sensor 326 to a computer (as In Fig. 1),
only after predetermined force F or pressure has been applied to the gaging
tip 311, as via the 20    slide or carrier 313.  For this purpose, pusher
370 Is si dably attached at 371 to the slide, and a spring 372 Is
Interposed between the slide and pusher.  The slide posi- tion signal
developed by sensor 326 appears at output contact 374; however, that signal
Is only transmitted at 25    375 after the pusher has been forced toward
the slide against resistance of the spring to bring a contact 376 Into
engagement with contact 374.  Such predetermined force 



is, of course, transmitted via the spring to the slide to urge tip 311
against surface 380 to be gaged. Slides 30    312 and 313 correspond to
slides 12 and 13, In Fig. 2. 35    - 10 - CLAIMS 1.  An apparatus for
gaging work surfaces of a work- piece, comprising:  (a) firs+ means having
a gaging tip engage- able with said work surfaces; (b) means supporting
said first means, for longitudinal, lateral and rotatable displacements of
said tip; (c) means to sense said longitudinal, lateral, and rotatable
displacements of said tip for readout purposes; (d) sald gaging tip being
sized to be freely received between successive work surfaces to be bodily
displaced-axially from a-position of engagement with one work surface
facing In one axial direction and into another position of engagement with
another work surface facing on the opposite axial direction; (e) said
supporting means including a first slide movable In a first direction
generally parallel to an axis, and a second slide movable in a-second
direction extending generally radial- ly relative to said first direction,
one of said slides carried by the other and movable relative thereto, and a
rotor carrying said other silde for bodily rotating It about an axis
generally parallel to said first direction, whereby both slides are rotated
by the rotor; and (f) a support for said rotor. 2.   The apparatus of Claim
1, wherein said longitu- dinal and lateral displacements are In axial and
radial directions, respectively. 3.  The apparatus of Claim 2, wherein said
rotat- able displacement is about said axial direction. 4.  The apparatus
of Claim 1, 2 or 3, including a computer connected with said sensing means
to sense said displacements for establishing at least one base position
from which at least one of said sensed displacements Is measured. 5.  The
apparatus of Claim 4, wherein said computer Is adapted to establish
multiple base positions from which multiple of said sensed displacements
are measured. 6.  The apparatus of Claim 4, or 5, including locat- 



ing means to locate the gaging means relative to said work surfaces and
wherein said base position may vary as a functional of displacement of the
tip, the computer being connected to compensate for sald variance. 7.  The
apparatus of Claim 6, wherein said variance arises as a result of said
rotatable displacement, and the    - ll- displacement being measured Is
either longitudinal or lateral. 8.   The apparatus of any one of the
preceding claims, wherein at least one of said sensing means Is resistive
to produce a linear output. 9.   The apparatus of any one of the preceding
claims I to 7, wherein at least one of said sensing means Includes an
Inductance, to produce a linear output. 10.  The apparatus of any one of
the preceding Claims I to 7, wherein at least one of said sensing means
comprises an encoder. II. The apparatus of any one of the preceding Claims
I to 7, wherein at least one of said sensing means comprises a differential
transformer, to establish a linear output. 12.  The apparatus of any one of
the preceding  claims, wherein said gaging tip is carried by said support
means for movement in a selected direction, and Including means defining
two reference probes that are fixed relative to said support means and
cooperating with said movable gaging tip to engage a work surface having
curvature to establish a dimension associated with a circle. 13. The
apparatus of Claim 12, wherein said reference probes and said gaging tip
are substantially In the same plane. 14. The apparatus of Claim 12 or 13,
wherein said workplace Is In the form of a pipe defining said surface
curva- ture, said gaging tip and said reference probes engaging said pipe
curved surface. 15. The apparatus of Claim 14, wherein said curved surface
is defined by a work thread. 16.  The apparatus of Claim 12, 13, 14 or 15,
yieldable means operatively connected with said gaging tip to urge 



said tip Into contact with said curved surface. 17.  The apparatus of any
one of preceding Claims 12 to 16, wherein said support means has multiple
relatively rotated positions In each of which said gaging tip and refer-
ence probes are engageable with the curved surface, thereby to establish
multiple dimensions associated with multiple circles. 18. The apparatus of
Claim 17, wherein said multiple dimensions are diameters.    -12- 19. The
apparatus of Claims 4 and 18, wherein said computer Is operable to average
said diameters. 20.  The apparatus of Claim 12  wherein said Work- piece
defines a conical surface having annular curvature, said gaging tip and
said reference probes engaging said conical sur- face at a gaging location,
axially. 21.  The apparatus of Claim 20, wherein said gaging tip and said
reference probes have multiple relativelyrotated positions of engagement
with said conical surface, at said gaging location, axially. 22.  The
apparatus of Claim 20 or 21, wherein said first and second  dimensions are
first and second diameters. 23. The apparatus of Ciaims 4 and 22, wherein
said computer Is-operable to average said diameters. . 24.  The apparatus
of any one of the preceding claims, including means to transmit a sensing
signal from said sensing means only after predetermined force has been
applied to the gaging tip via said supporting means. 25. An apparatus
substantially as hereinbefore described, with reference to, and as
illustrated in, Figs 2, 7 and 8; or these Figs-as modified by Fig. 1 or
Fig. 4 oT Fig.  6, or Fig.9;  Or Fig.  11 of the accompanying drawings.    


